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• Time-of-flight detector (+BBC/MCP of inner part)

• Aerogel detector

• Energy loss dE/dx in straw

• EM calorimeter

• Range system (hadron calorimeter)

PID system of  SPD 
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Detector position and dimensions (CDR, end of  2020)
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20 cm gap between  the straw tubes and the magnet coils



PID system of  SPD (possible options)
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#¨¸. 15. ‘Ì¥³  ¸¨¸É¥³Ò !˜ˆ” ¤¥É¥±Éµ· 
Š…„#

"  ·¨¸. 16 ¨ 17 ¶·¥¤¸É ¢²¥´Ò
±µ´¸É·Ê±Í¨¨ Éµ·Í¥¢µ£µ ¨ ¡ ··¥²Ó-
´µ£µ ¸Î¥ÉÎ¨±µ¢. ‘É¥´±¨ ¸Î¥ÉÎ¨±µ¢
¶µ±·ÒÉÒ ¤¨ËËÊ§´µ-µÉ· ¦ ÕÐ¨³ ³ -
É¥·¨ ²µ³ ´  µ¸´µ¢¥ ¶µ²¨É¥É· ËÉµ·-
ÔÉ¨²¥´  (*’”+), ¨³¥ÕÐ¥£µ ±µÔËË¨-
Í¨¥´É µÉ· ¦¥´¨Ö µÉ ¸²µÖ Éµ²Ð¨´µ°
¢ 750 ³±³ 97Ä98% [40]. —¥·¥´-
±µ¢¸±¨° ¸¢¥É ¨§  Ô·µ£¥²Ö ¸µ¡¨· ¥É¸Ö
´  Ï¨ËÉ¥·, ¶¥·¥¨§²ÊÎ ¥É¸Ö ¸ ¤²¨´µ°
¢µ²´Ò ∼ 500 ´³ ¨ Î ¸ÉÓ ¥£µ (∼ 50 %)
µ± §Ò¢ ¥É¸Ö ¢ Ê¸²µ¢¨ÖÌ ¶µ²´µ£µ ¢´Ê-
É·¥´´¥£µ µÉ· ¦¥´¨Ö. +É  Î ¸ÉÓ ¶¥·¥-
¨§²ÊÎ¥´´µ£µ ¸¢¥É  ± ± ¶µ ¸¢¥Éµ¢µ¤Ê
· ¸¶·µ¸É· ´Ö¥É¸Ö ± ”+“, ¸µ¥¤¨´¥´-
´µ³Ê µ¶É¨Î¥¸±¨³ ±µ´É ±Éµ³ ¸ µ¤´¨³
¨§ ±µ´Íµ¢ ¶¥·¥¨§²ÊÎ É¥²Ö. "  ¶·µ-
É¨¢µ¶µ²µ¦´µ³ ±µ´Í¥ Ê¸É ´µ¢²¥´ µÉ-
· ¦ É¥²Ó ¨§ *’”+.

„²Ö · ¸Î¥É  ±µÔËË¨Í¨¥´É  ¸¢¥Éµ¸¡µ·  ¢ ¸Î¥ÉÎ¨±¥ ¡Ò²  ¸µ§¤ ´  ¶·µ-
£· ³³  ³µ¤¥²¨·µ¢ ´¨Ö ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. ‚Ìµ¤´Ò³¨ ¶ · ³¥É· ³¨ Ö¢²Ö-

#¨¸. 16. ’µ·Í¥¢µ° ¸Î¥ÉÎ¨± #¨¸. 17. „¢  ¡ ··¥²Ó´ÒÌ ¸Î¥ÉÎ¨±  ¢ µ¤´µ³
±µ·¶Ê¸¥
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Éµ·  ¨ ¶µ¤ ¥É¸Ö ´  ¢Ìµ¤ ¶² É µÍ¨Ë·µ¢Ò¢ ÕÐ¥° Ô²¥±É·µ´¨±¨ ¶µ ¤²¨´´µ³Ê
± ¡¥²Õ (∼ 40 ³).

„²Ö µÍ¨Ë·µ¢±¨ ¸¨£´ ²  ¡Ò²  · §· ¡µÉ ´  ¸¶¥Í¨ ²Ó´ Ö Ô²¥±É·µ´´ Ö ¶² É 
(6 ¢ ¸É ´¤ ·É¥ Š‹)Š‚(, · ¡µÉ ÕÐ Ö ¢ ·¥¦¨³¥ pipe-line. "¸´µ¢´Ò³¨ Ô²¥-
³¥´É ³¨ ¸Ì¥³Ò Ö¢²ÖÕÉ¸Ö 10-· §·Ö¤´Ò° (–+ ¨ ¸¤¢¨£µ¢Ò° ·¥£¨¸É·. (–+ ¨§³¥-
·Ö¥É ³£´µ¢¥´´µ¥ §´ Î¥´¨¥ ´ ¶·Ö¦¥´¨Ö ¸ ¶¥·¨µ¤µ³ 50 ´¸. ‘¤¢¨£µ¢Ò° ·¥£¨¸É·
¸²Ê¦¨É ¤²Ö ¸µÌ· ´¥´¨Ö ¨´Ëµ·³ Í¨¨ ´  ¢·¥³Ö ·¥Ï¥´¨Ö É·¨££¥· . „²Ö ± ¦¤µ£µ
¨³¶Ê²Ó¸  ¸Î¨ÉÒ¢ ÕÉ¸Ö ¶ÖÉÓ §´ Î¥´¨° ´ ¶·Ö¦¥´¨Ö, ¶µ ´¨³ ¢µ¸¸É ´ ¢²¨¢ ÕÉ¸Ö
 ³¶²¨ÉÊ¤  ¨ ¢·¥³Ö ¶·¨Ìµ¤  ¨³¶Ê²Ó¸ . „²Ö ±µ´É·µ²Ö §  ¸µ¡¸É¢¥´´Ò³¨ ÏÊ³ ³¨
ËµÉµÊ³´µ¦¨É¥²¥° ¢ ¸Ì¥³¥ ¥¸ÉÓ ¤¨¸±·¨³¨´ Éµ·.

7.5. ’¥¸É¨·µ¢ ´¨¥ ¸Î¥ÉÎ¨±  ´  ¶ÊÎ±¥. ‚ 2000 £. ¡Ò²µ ¨§³¥·¥´µ ± Î¥¸É¢µ
π/K-· §¤¥²¥´¨Ö Éµ·Í¥¢µ£µ ¸Î¥ÉÎ¨±  (˜ˆ” ´  ¢Éµ·¨Î´ÒÌ ¶ÊÎ± Ì ¶·µÉµ´-
´µ£µ ¸¨´Ì·µÉ·µ´  ¢ "ˆŸˆ („Ê¡´ ) [45]. ,¥µ¤´µ·µ¤´µ¸ÉÓ ¸¢¥Éµ¸¡µ·  ¡Ò² 

#¨¸. 20. ˆ§³¥·¥´´ Ö § ¢¨¸¨³µ¸ÉÓ ²µ¦´µ°
¨¤¥´É¨Ë¨± Í¨¨ ¶¨µ´µ¢ ¨ ± µ´µ¢ µÉ  ³-
¶²¨ÉÊ¤Ò ¤²Ö ¨³¶Ê²Ó¸µ¢ P = 0,86 ƒÔ‚/c
¨ P = 1,2 ƒÔ‚/c

¨§³¥·¥´  ´  ¶ÊÎ±¥ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó-
¸µ³ 0,86 ƒÔ‚/c ¶µ ¢¸¥° ¶²µÐ ¤¨ ¸Î¥É-
Î¨± . ,¥µ¤´µ·µ¤´µ¸ÉÓ ¸¨£´ ²  ¸µ¸É -
¢¨²  ±15%.

,  ·¨¸. 20 ¶µ± § ´Ò ¢¥·µÖÉ´µ¸É¨
²µ¦´µ° ¨¤¥´É¨Ë¨± Í¨¨ ± µ´µ¢ ¨ ¶¨µ-
´µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶µ·µ£  ´   ³¶²¨-
ÉÊ¤Ê ¸¨£´ ² . „²Ö ¨³¶Ê²Ó¸  0,86 ƒÔ‚/c
¶·¨ ¶µ·µ£¥ 0,05 ËµÉµÔ²¥±É·µ´  ±µÔË-
Ë¨Í¨¥´É ¶µ¤ ¢²¥´¨Ö ¶¨µ´µ¢ · ¢¥´ 900
¶·¨ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± µ-
´µ¢ 94% (· §¤¥²¥´¨¥ 4,7σ). +·¨ ¨³-
¶Ê²Ó¸¥ 1,2 ƒÔ‚/c ±µÔËË¨Í¨¥´É ¶µ¤ -
¢²¥´¨Ö ¶¨µ´µ¢ · ¢¥´ 1300 ¶·¨ ÔË-
Ë¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± µ´µ¢ 90%
(4,5σ).

‚·¥³¥´´-µ¥ · §·¥Ï¥´¨¥ ¸Î¥ÉÎ¨± 
(˜ˆ” ´  ¶¨µ´ Ì ¸ ¨³¶Ê²Ó¸µ³
0,86 ƒÔ‚/c ¸µ¸É ¢¨²µ στ = 2 ´¸ [39].

7.6. „µ²£µ¢·¥³¥´´ Ö ¸É ¡¨²Ó´µ¸ÉÓ ¸Î¥ÉÎ¨±µ¢. ˆ¸¸²¥¤µ¢ ´¨¥ ¤µ²£µ¢·¥-
³¥´´µ° ¸É ¡¨²Ó´µ¸É¨ ¡Ò²µ ¶·µ¢¥¤¥´µ ´  20 Éµ·Í¥¢ÒÌ ¸Î¥ÉÎ¨± Ì, ¸µ¡· ´´ÒÌ
¢ 1999Ä2000 ££. ‘Î¥ÉÎ¨±¨ ´ Ìµ¤¨²¨¸Ó ¢´ÊÉ·¨ ¤¥É¥±Éµ·  ¸ 2000 ¤µ 2003 £.
+¥·¨µ¤¨Î¥¸±¨ ´  ´¨Ì ¶µ¤ ¢ ²µ¸Ó ¢Ò¸µ±µ¥ ´ ¶·Ö¦¥´¨¥, ¨§³¥·Ö²¨¸Ó ÏÊ³Ò
”.“, § ¶¨¸Ò¢ ²¨¸Ó  ³¶²¨ÉÊ¤´Ò¥ ¸¶¥±É·Ò. ‚¸¥ ¸Î¥ÉÎ¨±¨ É¥¸É¨·µ¢ ²¨¸Ó ´ 
±µ¸³¨Î¥¸±¨Ì Î ¸É¨Í Ì ¤µ ¶µ¸É ´µ¢±¨ ¢ ¤¥É¥±Éµ· ¨ ¶µ¸²¥ ¸´ÖÉ¨Ö ¸ ¤¥É¥±Éµ· .
‡ ¢¨¸¨³µ¸ÉÓ Î¨¸²  ËµÉµÔ²¥±É·µ´µ¢ µÉ ¢·¥³¥´¨ ¤²Ö µ¤´µ£µ ¨§ ¸Î¥ÉÎ¨±µ¢ ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 21. + ¤¥´¨¥ ¸¨£´ ²  µÉ ¢·¥³¥´¨ ¸É ¡¨²¨§¨·µ¢ ²µ¸Ó ´  ¶² Éµ
´  Ê·µ¢´¥ 66% µÉ ¶¥·¢µ´ Î ²Ó´µ£µ, Î¨¸²µ ËµÉµÔ²¥±É·µ´µ¢ ´¥ ³¥´Ö²µ¸Ó (¢
¶·¥¤¥² Ì ∼ 10%) ¢ É¥Î¥´¨¥ ¶µ¸²¥¤´¨Ì ¶ÖÉ¨ ²¥É.

6 p.e. per counter on average
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dE/dx in straw tubes

 60 layers = 30 (Z), 30 (Tang).     Radially:  86cm - 27cm = 59cm

PANDA

Time-of-Flight system (TOF)

Conceptual design of the Spin Physics Detector 131
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Figure 11.9: Reconstructed mass vs. particle momentum for pions, kaons and protons.
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Figure 11.10: p/K (a) and K/p (b) separation power of the TOF system as a function of particle momenta
and emission angle.

Muons are identified in the RS. The system is expected to separate showers from strongly interacted2919

pions and muon tracks (using standard or machine learning techniques.) The main background are2920

muons from pion decays and pions that passed large distance in the RS. The pion decays result in a small2921

kink of charged track (about 2�), and the decay muon retains from 60% to almost 100% of the initial pion2922

energy. There is a possibility that a fraction of decay muons can be suppressed by search of a kink in2923

the tracker or by considering correlation between particle momentum and amount of material it crossed.2924

But the results in this section are based on a simplified model (gives a lower performance boundary). A2925

particle is identified as a muon based on the amount of material it passes in the active part of the RS, this2926

amount is given as a number of proton nuclear lengths (nl ). Two possibilities are considered: a particle2927

from the initial interaction and a muon from a pion decay (the pion must be from the initial interaction).2928

In the latter case, if pion decays in the RS, the amount of material is added for pion and muon.2929

It clear that higher running energies are preferable for physics with charmonia due to higher production2930

cross-section, stronger boost for pions and more energetic muons. All estimates in this section assume a2931

70ps resolution was assumed

For MRPC see TOF-TDR of MPD/NICA

For SciTil see TOF-TDR of PANDA

MRPC

Scintillator Tile (SciTil)

SPD/CDR

π
K

p

SPD

Ntube=8×8.2k
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Time-of-flight (TOF) detector

• Particle Identification

• tstart for drift detector  (straw)

• Combinatorial background suppression (76ns 

between bunches)
Conceptual design of the Spin Physics Detector 131
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Figure 11.10: p/K (a) and K/p (b) separation power of the TOF system as a function of particle momenta
and emission angle.

Muons are identified in the RS. The system is expected to separate showers from strongly interacted2919

pions and muon tracks (using standard or machine learning techniques.) The main background are2920

muons from pion decays and pions that passed large distance in the RS. The pion decays result in a small2921

kink of charged track (about 2�), and the decay muon retains from 60% to almost 100% of the initial pion2922

energy. There is a possibility that a fraction of decay muons can be suppressed by search of a kink in2923

the tracker or by considering correlation between particle momentum and amount of material it crossed.2924

But the results in this section are based on a simplified model (gives a lower performance boundary). A2925

particle is identified as a muon based on the amount of material it passes in the active part of the RS, this2926

amount is given as a number of proton nuclear lengths (nl ). Two possibilities are considered: a particle2927

from the initial interaction and a muon from a pion decay (the pion must be from the initial interaction).2928

In the latter case, if pion decays in the RS, the amount of material is added for pion and muon.2929

It clear that higher running energies are preferable for physics with charmonia due to higher production2930

cross-section, stronger boost for pions and more energetic muons. All estimates in this section assume a2931

70ps resolution / CDR
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Two options for the TOF barrel of  SPD (σt<70ps)

Plastic scintillator optionmRPC option

MPD NICA TDR TOF, Nov 2018, Rev 3.0

Inspired by the TOF MPD
Inspired by the TOF of  PANDA

TDR for the PANDA Barrel TOF, July 4, 2018
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Two options for the TOF barrel of  SPD (σt<70ps)

Plastic scintillator optionmRPC option

• Chamber size: 35 x 33 x 2.5 cm3,

• 24 strips per chamber, strip: 35 x 1 cm2


• Number of chambers (barrel + 2 x endcap):

• 160 + 2 x 30 = 220


• Number of channels = 10.6k

• Tile size: 9 x 3 x 0.5 cm3

• 4 SiPMs (3 x 3 mm2) at each end

• Number of tiles (barrel + 2 x endcaps):


• 7.3 + 2 x 1.4k = 10.1k

• Number of channels = 20.2k



overlap azimuthally dire. Wide gaps in the horizontal plane are required for support structures for 

mounting the TPC.  

Each TOF module consists of a two separate volumes. The inner region is filled of the gas 

mixture and contains 10 MRPCs. The outer one contains the Front End Electronic (FEE) cards, 

cables, high voltage and gas plugs. The both boxes are made of the aluminum profile and 

honeycomb 5 mm thick. The same honeycomb panel with thickness of 10 mm is located between 

inner and outer volumes. It has special holes for the Interface Card (IC), which provides 

connection of signals from MRPCs to preamplifiers. Holes for gas connectors and the HV 

connectors are also provided at this panel. MRPCs are arranged inside the box as shown in Fig. 

3.7. Special aluminum fixators (Fig. 3.8) are used to set detectors to the desired position. 

Adjacent MRPCs will be positioned inside the module in such a way as to create an 

overlap of 1-2 readout strips between two adjacent MRPCs, at the edge of the active area: this will 

ensure the inter-calibration of the MRPCs via tracks traversing both of them. The signals from the 

pick-up strips on the MRPCs are brought to the front-end electronics (FEE) via the Interface 

Figure 3.7: Arrangement of MRPCs inside the gas boxes along the beam direction.

Figure 3.8: Fixing of MRPCs inside the gas box using special elements.

 22

8

Assembling room for the MRPC barrel of  MPD

17
cm
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Mechanics issues of  the MRPC option for TOF/SPD

• To be removable, the diameter of the TOF end-cap  
must be smaller than the one of the magnet coil 


• Chambers have to be inside the Al box

• Either large dead regions or conflict with coils

• Module takes 17cm distance radially → no space 
for another PID detector
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Plastic scintillator option for TOF/SPD

Brackets for fixation

Alignment of tiles without dead zones

• Vtile = 9cm x 3cm x 0.5cm = 13.5 cm3

• ρtile = 1.032 g/cm3   →    mtile = 13.9g

• mbarrel = 7.3k x 13.9g = 101kg



Two options for TOF (pros & cons)

MRPC SciTil

sophisticated production procedure assembling is fast and easy

requires gas flow, HV (trips) easier to maintain (no gas, only LV)

takes radially 17cm (MPD), no way for Aerogel can be squeezed within ~6cm, space for Aerogel

rectangular shape, large size (inconvenient for round 
end-caps)

small tile ⇒ can fit cylindrical shape

rad. length ≈ 0.14X0  (MPD) rad. length ≈ 0.02X0

σt is independent of lstrip σt drops exponentially with ltile

S = pitch x length = 1.25cm x 40cm = 50cm2

Nchannel ≈ 10k

S = pitch x length = 2.9cm x 9cm = 26cm2

Nchannel ≈ 20k

not sensitive to radiation sensitive to radiation

well established technology (MPD, BM@N) requires R&D

👍

👍

👍

👍

👍

👍

👍

👍

👍
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• Both options are able to provide the resolution of ~60ps

• Applying different options for barrel and end-caps will double expenses/efforts for: 

DAQ, Power supply, Slow control, calibration & analysis 
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Aerogel detector

• Particle Identification via Cherenkov radiation

• SPD seminar, E.Kravchenko, INP, Novosibirsk on Oct 12
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#¨¸. 15. ‘Ì¥³  ¸¨¸É¥³Ò !˜ˆ” ¤¥É¥±Éµ· 
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"  ·¨¸. 16 ¨ 17 ¶·¥¤¸É ¢²¥´Ò
±µ´¸É·Ê±Í¨¨ Éµ·Í¥¢µ£µ ¨ ¡ ··¥²Ó-
´µ£µ ¸Î¥ÉÎ¨±µ¢. ‘É¥´±¨ ¸Î¥ÉÎ¨±µ¢
¶µ±·ÒÉÒ ¤¨ËËÊ§´µ-µÉ· ¦ ÕÐ¨³ ³ -
É¥·¨ ²µ³ ´  µ¸´µ¢¥ ¶µ²¨É¥É· ËÉµ·-
ÔÉ¨²¥´  (*’”+), ¨³¥ÕÐ¥£µ ±µÔËË¨-
Í¨¥´É µÉ· ¦¥´¨Ö µÉ ¸²µÖ Éµ²Ð¨´µ°
¢ 750 ³±³ 97Ä98% [40]. —¥·¥´-
±µ¢¸±¨° ¸¢¥É ¨§  Ô·µ£¥²Ö ¸µ¡¨· ¥É¸Ö
´  Ï¨ËÉ¥·, ¶¥·¥¨§²ÊÎ ¥É¸Ö ¸ ¤²¨´µ°
¢µ²´Ò ∼ 500 ´³ ¨ Î ¸ÉÓ ¥£µ (∼ 50 %)
µ± §Ò¢ ¥É¸Ö ¢ Ê¸²µ¢¨ÖÌ ¶µ²´µ£µ ¢´Ê-
É·¥´´¥£µ µÉ· ¦¥´¨Ö. +É  Î ¸ÉÓ ¶¥·¥-
¨§²ÊÎ¥´´µ£µ ¸¢¥É  ± ± ¶µ ¸¢¥Éµ¢µ¤Ê
· ¸¶·µ¸É· ´Ö¥É¸Ö ± ”+“, ¸µ¥¤¨´¥´-
´µ³Ê µ¶É¨Î¥¸±¨³ ±µ´É ±Éµ³ ¸ µ¤´¨³
¨§ ±µ´Íµ¢ ¶¥·¥¨§²ÊÎ É¥²Ö. "  ¶·µ-
É¨¢µ¶µ²µ¦´µ³ ±µ´Í¥ Ê¸É ´µ¢²¥´ µÉ-
· ¦ É¥²Ó ¨§ *’”+.

„²Ö · ¸Î¥É  ±µÔËË¨Í¨¥´É  ¸¢¥Éµ¸¡µ·  ¢ ¸Î¥ÉÎ¨±¥ ¡Ò²  ¸µ§¤ ´  ¶·µ-
£· ³³  ³µ¤¥²¨·µ¢ ´¨Ö ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. ‚Ìµ¤´Ò³¨ ¶ · ³¥É· ³¨ Ö¢²Ö-

#¨¸. 16. ’µ·Í¥¢µ° ¸Î¥ÉÎ¨± #¨¸. 17. „¢  ¡ ··¥²Ó´ÒÌ ¸Î¥ÉÎ¨±  ¢ µ¤´µ³
±µ·¶Ê¸¥
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"  ·¨¸. 16 ¨ 17 ¶·¥¤¸É ¢²¥´Ò
±µ´¸É·Ê±Í¨¨ Éµ·Í¥¢µ£µ ¨ ¡ ··¥²Ó-
´µ£µ ¸Î¥ÉÎ¨±µ¢. ‘É¥´±¨ ¸Î¥ÉÎ¨±µ¢
¶µ±·ÒÉÒ ¤¨ËËÊ§´µ-µÉ· ¦ ÕÐ¨³ ³ -
É¥·¨ ²µ³ ´  µ¸´µ¢¥ ¶µ²¨É¥É· ËÉµ·-
ÔÉ¨²¥´  (*’”+), ¨³¥ÕÐ¥£µ ±µÔËË¨-
Í¨¥´É µÉ· ¦¥´¨Ö µÉ ¸²µÖ Éµ²Ð¨´µ°
¢ 750 ³±³ 97Ä98% [40]. —¥·¥´-
±µ¢¸±¨° ¸¢¥É ¨§  Ô·µ£¥²Ö ¸µ¡¨· ¥É¸Ö
´  Ï¨ËÉ¥·, ¶¥·¥¨§²ÊÎ ¥É¸Ö ¸ ¤²¨´µ°
¢µ²´Ò ∼ 500 ´³ ¨ Î ¸ÉÓ ¥£µ (∼ 50 %)
µ± §Ò¢ ¥É¸Ö ¢ Ê¸²µ¢¨ÖÌ ¶µ²´µ£µ ¢´Ê-
É·¥´´¥£µ µÉ· ¦¥´¨Ö. +É  Î ¸ÉÓ ¶¥·¥-
¨§²ÊÎ¥´´µ£µ ¸¢¥É  ± ± ¶µ ¸¢¥Éµ¢µ¤Ê
· ¸¶·µ¸É· ´Ö¥É¸Ö ± ”+“, ¸µ¥¤¨´¥´-
´µ³Ê µ¶É¨Î¥¸±¨³ ±µ´É ±Éµ³ ¸ µ¤´¨³
¨§ ±µ´Íµ¢ ¶¥·¥¨§²ÊÎ É¥²Ö. "  ¶·µ-
É¨¢µ¶µ²µ¦´µ³ ±µ´Í¥ Ê¸É ´µ¢²¥´ µÉ-
· ¦ É¥²Ó ¨§ *’”+.

„²Ö · ¸Î¥É  ±µÔËË¨Í¨¥´É  ¸¢¥Éµ¸¡µ·  ¢ ¸Î¥ÉÎ¨±¥ ¡Ò²  ¸µ§¤ ´  ¶·µ-
£· ³³  ³µ¤¥²¨·µ¢ ´¨Ö ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. ‚Ìµ¤´Ò³¨ ¶ · ³¥É· ³¨ Ö¢²Ö-

#¨¸. 16. ’µ·Í¥¢µ° ¸Î¥ÉÎ¨± #¨¸. 17. „¢  ¡ ··¥²Ó´ÒÌ ¸Î¥ÉÎ¨±  ¢ µ¤´µ³
±µ·¶Ê¸¥
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"  ·¨¸. 16 ¨ 17 ¶·¥¤¸É ¢²¥´Ò
±µ´¸É·Ê±Í¨¨ Éµ·Í¥¢µ£µ ¨ ¡ ··¥²Ó-
´µ£µ ¸Î¥ÉÎ¨±µ¢. ‘É¥´±¨ ¸Î¥ÉÎ¨±µ¢
¶µ±·ÒÉÒ ¤¨ËËÊ§´µ-µÉ· ¦ ÕÐ¨³ ³ -
É¥·¨ ²µ³ ´  µ¸´µ¢¥ ¶µ²¨É¥É· ËÉµ·-
ÔÉ¨²¥´  (*’”+), ¨³¥ÕÐ¥£µ ±µÔËË¨-
Í¨¥´É µÉ· ¦¥´¨Ö µÉ ¸²µÖ Éµ²Ð¨´µ°
¢ 750 ³±³ 97Ä98% [40]. —¥·¥´-
±µ¢¸±¨° ¸¢¥É ¨§  Ô·µ£¥²Ö ¸µ¡¨· ¥É¸Ö
´  Ï¨ËÉ¥·, ¶¥·¥¨§²ÊÎ ¥É¸Ö ¸ ¤²¨´µ°
¢µ²´Ò ∼ 500 ´³ ¨ Î ¸ÉÓ ¥£µ (∼ 50 %)
µ± §Ò¢ ¥É¸Ö ¢ Ê¸²µ¢¨ÖÌ ¶µ²´µ£µ ¢´Ê-
É·¥´´¥£µ µÉ· ¦¥´¨Ö. +É  Î ¸ÉÓ ¶¥·¥-
¨§²ÊÎ¥´´µ£µ ¸¢¥É  ± ± ¶µ ¸¢¥Éµ¢µ¤Ê
· ¸¶·µ¸É· ´Ö¥É¸Ö ± ”+“, ¸µ¥¤¨´¥´-
´µ³Ê µ¶É¨Î¥¸±¨³ ±µ´É ±Éµ³ ¸ µ¤´¨³
¨§ ±µ´Íµ¢ ¶¥·¥¨§²ÊÎ É¥²Ö. "  ¶·µ-
É¨¢µ¶µ²µ¦´µ³ ±µ´Í¥ Ê¸É ´µ¢²¥´ µÉ-
· ¦ É¥²Ó ¨§ *’”+.

„²Ö · ¸Î¥É  ±µÔËË¨Í¨¥´É  ¸¢¥Éµ¸¡µ·  ¢ ¸Î¥ÉÎ¨±¥ ¡Ò²  ¸µ§¤ ´  ¶·µ-
£· ³³  ³µ¤¥²¨·µ¢ ´¨Ö ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. ‚Ìµ¤´Ò³¨ ¶ · ³¥É· ³¨ Ö¢²Ö-

#¨¸. 16. ’µ·Í¥¢µ° ¸Î¥ÉÎ¨± #¨¸. 17. „¢  ¡ ··¥²Ó´ÒÌ ¸Î¥ÉÎ¨±  ¢ µ¤´µ³
±µ·¶Ê¸¥

Детектор КЕДР, ФЭЧАЯ 2003 т.44 вып.4

• ФЭУ на основе микроканальных пластин (МКП) с 
мультищелочным фотокатодом. Производители: ОАО 
"Катод" и ЗАО "Экран ФЭП” (Новосибирск). H=17мм, 
∅=31мм


• Переизлучатель спектра:  150мг BBQ на 1кг ПММА,  
толщина 3мм.  Спектр: (280-450)нм → 500нм


• Среднее число фотоэлектронов после 5 лет работы 
падает на 34% составляет 6p.e.


• Временное разрешение АШИФ на пионах с p=0.86ГэВ 
составляет σt=2нс
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#¨¸. 21. !³¶²¨ÉÊ¤  ¸¨£´ ²  (Î¨¸²µ ËµÉµ-
Ô²¥±É·µ´µ¢) µÉ ±µ¸³¨Î¥¸±¨Ì ³Õµ´µ¢ ± ±
ËÊ´±Í¨Ö ¢·¥³¥´¨

'Ò²µ · §µ¡· ´µ 13 ¸Î¥ÉÎ¨±µ¢
¨ ¨§ÊÎ¥´µ ÊÌÊ¤Ï¥´¨¥ ¶ · ³¥É·µ¢
 Ô·µ£¥²Ö, ”(“, ¶¥·¥¨§²ÊÎ É¥²Ö ¨
µÉ· ¦ É¥²Ö ¶µ µÉ¤¥²Ó´µ¸É¨. ‘·¥¤-
´¥¥ Ê³¥´ÓÏ¥´¨¥ Î¨¸²  ËµÉµÔ²¥±-
É·µ´µ¢ ¢ ¸Î¥ÉÎ¨± Ì §  É·¨ £µ¤  ¸µ-
¸É ¢¨²µ 38%. “ÌÊ¤Ï¥´¨¥ µ¶É¨Î¥-
¸±µ° ¶·µ§· Î´µ¸É¨  Ô·µ£¥²Ö ¢ ¸·¥¤-
´¥³ ¶·¨¢µ¤¨É ± Ê³¥´ÓÏ¥´¨Õ Î¨-
¸²  ËµÉµÔ²¥±É·µ´µ¢ ´  18 %. * ¤¥-
´¨¥ ±¢ ´Éµ¢µ° ÔËË¥±É¨¢´µ¸É¨ ”(“
¸µ¸É ¢¨²µ 17 %. 'Ò²µ Ê¸É ´µ-
¢²¥´µ, ÎÉµ ¶·¨ µÉ¦¨£¥ (∼ 5 Î
¶·¨ É¥³¶¥· ÉÊ·¥ 500Ä600 ◦C) µ¶É¨-
Î¥¸±¨¥ ¸¢µ°¸É¢   Ô·µ£¥²Ö ¢µ¸¸É ´ -
¢²¨¢ ÕÉ¸Ö [41].

7.7. CÉ ÉÊ¸ ¸¨¸É¥³Ò. +¤¨´
¸²µ° ¸¨¸É¥³Ò !˜ˆ” (80 ¸Î¥ÉÎ¨-

±µ¢) ¸ 2003 £. · ¡µÉ ¥É ¢ ¤¥É¥±Éµ·¥ Š…„#. ‚ É¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É  ¨´Ëµ·³ -
Í¨Ö µ · ¡µÉµ¸¶µ¸µ¡´µ¸É¨ ¸¨¸É¥³Ò ¶µ²ÊÎ ¥É¸Ö ¶µ § ¢¥·Ï¥´¨¨ ± ¦¤µ£µ § Ìµ¤ 
(± ¦¤Ò¥ 1Ä3 Î). ‚ 2005 £. ¸·¥¤´ÖÖ ÔËË¥±É¨¢´µ¸ÉÓ ¸· ¡ ÉÒ¢ ´¨Ö ¤²Ö ¸µ¡Ò-
É¨° e+e−-· ¸¸¥Ö´¨Ö ¶µ Éµ·Í¥¢Ò³ ¸Î¥ÉÎ¨± ³ ¸µ¸É ¢¨²  99 %, ¶µ ¡ ··¥²Ó´Ò³
¸Î¥ÉÎ¨± ³ Å 88 %. !´ ²µ£¨Î´ Ö ÔËË¥±É¨¢´µ¸ÉÓ ¢ 2010 £. ¸µ¸É ¢¨²  97% ¤²Ö
Éµ·Í¥¢ÒÌ ¨ 78% ¤²Ö ¡ ··¥²Ó´ÒÌ ¸Î¥ÉÎ¨±µ¢.

‚µ ¢·¥³Ö µ¸É ´µ¢±¨ Ô±¸¶¥·¨³¥´É  ¢ 2011Ä2013 £. ¡Ê¤¥É Ê¸É ´µ¢²¥´ ¢Éµ·µ°
¸²µ° (80 ¸Î¥ÉÎ¨±µ¢) ¨ ¢Ò¶µ²´¥´ ·¥³µ´É ¸Î¥ÉÎ¨±µ¢ ¶¥·¢µ£µ ¸²µÖ.

8. ‚#…ŒŸ$#%‹…’&'Ÿ ‘ˆ‘’…Œ'

Š § ¤ Î ³, ±µÉµ·Ò¥ ·¥Ï ¥É ¢ Ô±¸¶¥·¨³¥´É¥ ¢·¥³Ö¶·µ²¥É´ Ö ¸¨¸É¥³ , µÉ-
´µ¸ÖÉ¸Ö § ¶Ê¸± ¶¥·¢¨Î´µ£µ É·¨££¥·  µÉ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¶µ¤ ¢²¥´¨¥ ±µ¸³¨-
Î¥¸±µ£µ Ëµ´ , ¨¤¥´É¨Ë¨± Í¨Ö Î ¸É¨Í ¶µ ¢·¥³¥´¨ ¶·µ²¥É , ¨§³¥·¥´¨¥ ¶µÉ¥·Ó
Ô´¥·£¨¨ ¢ ³ É¥·¨ ²¥ ¸Î¥ÉÎ¨± .

8.1. Šµ´¸É·Ê±Í¨Ö. ‚·¥³Ö¶·µ²¥É´ Ö ¸¨¸É¥³  ¤¥É¥±Éµ·  Š…„# (·¨¸. 22)
¸µ¸Éµ¨É ¨§ ¶·µ¤µ²Ó´µ° ¨ Éµ·Í¥¢µ° Î ¸É¥°. …¥ µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ¶·¥¤¸É -
¢²¥´Ò ¢ É ¡². 8.

‚ ± Î¥¸É¢¥ ³ É¥·¨ ²  ¤²Ö ¢·¥³Ö¶·µ²¥É´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¨¸¶µ²Ó§Ê¥É¸Ö ¶² -
¸É¨Î¥¸±¨° ¸Í¨´É¨²²ÖÉµ· Bicron-408. „²Ö ·¥£¨¸É· Í¨¨ ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ
¸¢¥É  ¢ ¸¨¸É¥³¥ ¶·¨³¥´ÖÕÉ¸Ö ”(“ XP2262. “¸É ´µ¢²¥´´Ò¥ ´  ¸¢¥Éµ¢µ¤ Ì
”(“ ¶µ³¥Ð¥´Ò ¢´ÊÉ·Ó ³ £´¨É´ÒÌ Ô±· ´µ¢.

„…’…Š’"# Š…„# 1291

Éµ·  ¨ ¶µ¤ ¥É¸Ö ´  ¢Ìµ¤ ¶² É µÍ¨Ë·µ¢Ò¢ ÕÐ¥° Ô²¥±É·µ´¨±¨ ¶µ ¤²¨´´µ³Ê
± ¡¥²Õ (∼ 40 ³).

„²Ö µÍ¨Ë·µ¢±¨ ¸¨£´ ²  ¡Ò²  · §· ¡µÉ ´  ¸¶¥Í¨ ²Ó´ Ö Ô²¥±É·µ´´ Ö ¶² É 
(6 ¢ ¸É ´¤ ·É¥ Š‹)Š‚(, · ¡µÉ ÕÐ Ö ¢ ·¥¦¨³¥ pipe-line. "¸´µ¢´Ò³¨ Ô²¥-
³¥´É ³¨ ¸Ì¥³Ò Ö¢²ÖÕÉ¸Ö 10-· §·Ö¤´Ò° (–+ ¨ ¸¤¢¨£µ¢Ò° ·¥£¨¸É·. (–+ ¨§³¥-
·Ö¥É ³£´µ¢¥´´µ¥ §´ Î¥´¨¥ ´ ¶·Ö¦¥´¨Ö ¸ ¶¥·¨µ¤µ³ 50 ´¸. ‘¤¢¨£µ¢Ò° ·¥£¨¸É·
¸²Ê¦¨É ¤²Ö ¸µÌ· ´¥´¨Ö ¨´Ëµ·³ Í¨¨ ´  ¢·¥³Ö ·¥Ï¥´¨Ö É·¨££¥· . „²Ö ± ¦¤µ£µ
¨³¶Ê²Ó¸  ¸Î¨ÉÒ¢ ÕÉ¸Ö ¶ÖÉÓ §´ Î¥´¨° ´ ¶·Ö¦¥´¨Ö, ¶µ ´¨³ ¢µ¸¸É ´ ¢²¨¢ ÕÉ¸Ö
 ³¶²¨ÉÊ¤  ¨ ¢·¥³Ö ¶·¨Ìµ¤  ¨³¶Ê²Ó¸ . „²Ö ±µ´É·µ²Ö §  ¸µ¡¸É¢¥´´Ò³¨ ÏÊ³ ³¨
ËµÉµÊ³´µ¦¨É¥²¥° ¢ ¸Ì¥³¥ ¥¸ÉÓ ¤¨¸±·¨³¨´ Éµ·.

7.5. ’¥¸É¨·µ¢ ´¨¥ ¸Î¥ÉÎ¨±  ´  ¶ÊÎ±¥. ‚ 2000 £. ¡Ò²µ ¨§³¥·¥´µ ± Î¥¸É¢µ
π/K-· §¤¥²¥´¨Ö Éµ·Í¥¢µ£µ ¸Î¥ÉÎ¨±  (˜ˆ” ´  ¢Éµ·¨Î´ÒÌ ¶ÊÎ± Ì ¶·µÉµ´-
´µ£µ ¸¨´Ì·µÉ·µ´  ¢ "ˆŸˆ („Ê¡´ ) [45]. ,¥µ¤´µ·µ¤´µ¸ÉÓ ¸¢¥Éµ¸¡µ·  ¡Ò² 

#¨¸. 20. ˆ§³¥·¥´´ Ö § ¢¨¸¨³µ¸ÉÓ ²µ¦´µ°
¨¤¥´É¨Ë¨± Í¨¨ ¶¨µ´µ¢ ¨ ± µ´µ¢ µÉ  ³-
¶²¨ÉÊ¤Ò ¤²Ö ¨³¶Ê²Ó¸µ¢ P = 0,86 ƒÔ‚/c
¨ P = 1,2 ƒÔ‚/c

¨§³¥·¥´  ´  ¶ÊÎ±¥ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó-
¸µ³ 0,86 ƒÔ‚/c ¶µ ¢¸¥° ¶²µÐ ¤¨ ¸Î¥É-
Î¨± . ,¥µ¤´µ·µ¤´µ¸ÉÓ ¸¨£´ ²  ¸µ¸É -
¢¨²  ±15%.

,  ·¨¸. 20 ¶µ± § ´Ò ¢¥·µÖÉ´µ¸É¨
²µ¦´µ° ¨¤¥´É¨Ë¨± Í¨¨ ± µ´µ¢ ¨ ¶¨µ-
´µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶µ·µ£  ´   ³¶²¨-
ÉÊ¤Ê ¸¨£´ ² . „²Ö ¨³¶Ê²Ó¸  0,86 ƒÔ‚/c
¶·¨ ¶µ·µ£¥ 0,05 ËµÉµÔ²¥±É·µ´  ±µÔË-
Ë¨Í¨¥´É ¶µ¤ ¢²¥´¨Ö ¶¨µ´µ¢ · ¢¥´ 900
¶·¨ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± µ-
´µ¢ 94% (· §¤¥²¥´¨¥ 4,7σ). +·¨ ¨³-
¶Ê²Ó¸¥ 1,2 ƒÔ‚/c ±µÔËË¨Í¨¥´É ¶µ¤ -
¢²¥´¨Ö ¶¨µ´µ¢ · ¢¥´ 1300 ¶·¨ ÔË-
Ë¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± µ´µ¢ 90%
(4,5σ).

‚·¥³¥´´-µ¥ · §·¥Ï¥´¨¥ ¸Î¥ÉÎ¨± 
(˜ˆ” ´  ¶¨µ´ Ì ¸ ¨³¶Ê²Ó¸µ³
0,86 ƒÔ‚/c ¸µ¸É ¢¨²µ στ = 2 ´¸ [39].

7.6. „µ²£µ¢·¥³¥´´ Ö ¸É ¡¨²Ó´µ¸ÉÓ ¸Î¥ÉÎ¨±µ¢. ˆ¸¸²¥¤µ¢ ´¨¥ ¤µ²£µ¢·¥-
³¥´´µ° ¸É ¡¨²Ó´µ¸É¨ ¡Ò²µ ¶·µ¢¥¤¥´µ ´  20 Éµ·Í¥¢ÒÌ ¸Î¥ÉÎ¨± Ì, ¸µ¡· ´´ÒÌ
¢ 1999Ä2000 ££. ‘Î¥ÉÎ¨±¨ ´ Ìµ¤¨²¨¸Ó ¢´ÊÉ·¨ ¤¥É¥±Éµ·  ¸ 2000 ¤µ 2003 £.
+¥·¨µ¤¨Î¥¸±¨ ´  ´¨Ì ¶µ¤ ¢ ²µ¸Ó ¢Ò¸µ±µ¥ ´ ¶·Ö¦¥´¨¥, ¨§³¥·Ö²¨¸Ó ÏÊ³Ò
”.“, § ¶¨¸Ò¢ ²¨¸Ó  ³¶²¨ÉÊ¤´Ò¥ ¸¶¥±É·Ò. ‚¸¥ ¸Î¥ÉÎ¨±¨ É¥¸É¨·µ¢ ²¨¸Ó ´ 
±µ¸³¨Î¥¸±¨Ì Î ¸É¨Í Ì ¤µ ¶µ¸É ´µ¢±¨ ¢ ¤¥É¥±Éµ· ¨ ¶µ¸²¥ ¸´ÖÉ¨Ö ¸ ¤¥É¥±Éµ· .
‡ ¢¨¸¨³µ¸ÉÓ Î¨¸²  ËµÉµÔ²¥±É·µ´µ¢ µÉ ¢·¥³¥´¨ ¤²Ö µ¤´µ£µ ¨§ ¸Î¥ÉÎ¨±µ¢ ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 21. + ¤¥´¨¥ ¸¨£´ ²  µÉ ¢·¥³¥´¨ ¸É ¡¨²¨§¨·µ¢ ²µ¸Ó ´  ¶² Éµ
´  Ê·µ¢´¥ 66% µÉ ¶¥·¢µ´ Î ²Ó´µ£µ, Î¨¸²µ ËµÉµÔ²¥±É·µ´µ¢ ´¥ ³¥´Ö²µ¸Ó (¢
¶·¥¤¥² Ì ∼ 10%) ¢ É¥Î¥´¨¥ ¶µ¸²¥¤´¨Ì ¶ÖÉ¨ ²¥É.

Система АШИФ детектора КЕДР
Детектор КЕДР, ФЭЧАЯ 2003 т.44 вып.4

WLS
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Аэрогель в SPD по образу детектора КЕДР

• Эффективность срабатывания 1-го слоя АШИФ (КЕДР):

• 2005г:  99% (торцевые), 88% (барель)

• 2010г:  97% (торцевые), 78% (барель)

КЕДР SPD

# счетчиков (barrel+endcap) 80+80=160 336+168=504

# ФЭУ (barrel+endcap) 160 504

Vаэрогель 1.1м3 3.5м3

SPD

322 см

∅
=2

02
 с
м

КЕДР

144 см

∅
=

13
8 
см
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Straw detector

• Primary purpose is tracking, σx=150μm

• Particle identification via energy loss (dE/dx)

NA62SPD



TPC vs Straw in respect of  dE/dx analysis 

TPC of  MPD

Straw of  SPD

Inner pads:  S = 5mm x 12mm = 60mm2

Outer pads:  S = 5mm x 18mm = 90mm2
∅=10mm straw: S = 78mm2

∅=5mm straw: S = 20mm2

17

56
0

MC simulation / TPC-MPD-TDR

Maximum drift time 30 μs Maximum drift time 150 ns



π

K
p

18

dE/dx analysis for Straw/SPD
file with 10k events produced by Andrei Maltsev on Nov 26

K,  p=1.2GeV/c 

80% of tubes

π

K
p

Truncated mean approach

tubes    
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Summary: PID analysis in SPD (π, K, p)
Conceptual design of the Spin Physics Detector 131
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Figure 11.9: Reconstructed mass vs. particle momentum for pions, kaons and protons.
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Figure 11.10: p/K (a) and K/p (b) separation power of the TOF system as a function of particle momenta
and emission angle.

Muons are identified in the RS. The system is expected to separate showers from strongly interacted2919

pions and muon tracks (using standard or machine learning techniques.) The main background are2920

muons from pion decays and pions that passed large distance in the RS. The pion decays result in a small2921

kink of charged track (about 2�), and the decay muon retains from 60% to almost 100% of the initial pion2922

energy. There is a possibility that a fraction of decay muons can be suppressed by search of a kink in2923

the tracker or by considering correlation between particle momentum and amount of material it crossed.2924

But the results in this section are based on a simplified model (gives a lower performance boundary). A2925

particle is identified as a muon based on the amount of material it passes in the active part of the RS, this2926

amount is given as a number of proton nuclear lengths (nl ). Two possibilities are considered: a particle2927

from the initial interaction and a muon from a pion decay (the pion must be from the initial interaction).2928

In the latter case, if pion decays in the RS, the amount of material is added for pion and muon.2929

It clear that higher running energies are preferable for physics with charmonia due to higher production2930

cross-section, stronger boost for pions and more energetic muons. All estimates in this section assume a2931

TOF

π

K
p

Straw

π K

Aerogel

π/K separation


• Short tracks (R<1m) to be identified by 
straw up to 0.7 GeV/c


• Long tracks (R>1m) to be identified by 
straw+TOF up to 1.5 GeV/c


• tracks with p>1.5 GeV/c to be identified 
by aerogel (and straw?)
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TOF/MRPC barrel Aerogel only

TOF/plastic + Aerogel TOF/plastic + Straw expansion

Summary: options for PID (TOF, Aerogel, Straw)

• Module takes 17cm radially (no place for other PID detector)

• Choice for TOF end-caps is still opens

• Module takes 17cm radially (no place for other PID detector)

• Missing timing measurements in barrel

• The same choice of TOF for barrel and end-caps

• Lower thickness → lower efficiency for Aerogel

• The same choice of TOF for barrel and end-caps

• Improvement of dE/dx via increasing straw layers by 10

Aer
og

el

Magnet

Straw

TOF/MRPC

TOF/SciTil

Magnet

Straw

TOF/SciTil

Magnet

Straw

TOF/SciTil

Aer
og

el

Magnet

Straw

TOF/SciTil



backup slides
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Range System (RS) Electromagnetic 
Calorimeter (ECal)

Beam Pipe

Vertex Detector (VD)

Magnet coils 

PID system

TOF + Aerogel

Beam-beam 
counter (BBC)

7.7 m



Tube alignment for straw detector (30 double layers)

23

Layers 10x(ZUV)

z
u
v

Layers 6x(ZZUVT)

z
z
u
v
t

All tubes along z,  30x(Z)

z
z
z Ntube=2.2k

Layers 15x(ZT)

z
t
z
t Ntube=8.2k



• TOF of PANDA

• Tile cross section is 30x5 mm2

• 4 SiPMs 3x3 mm2 each

• Fraction of light detected 


• (4x3x3)/(30x5) = 24%

• The resolution is 50 - 100 ps

24

TOF for PANDA

3 cm

3x3 mm2

Plastic scintillator option for TOF/SPD
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NA61/SHINE


